ABSTRACT The radiographic appearance of the lateral pleura was divided into an upper, a middle, and a lower zone. Bilateral changes of the pulmonary layer of the pleura (diffuse pleural thickening) within the upper pleural zones were found in 863 (71%) of 1204 workers exposed to asbestos and in 249 (40%) of 622 non-exposed controls. Downwards along the chest wall this ratio of 7:4 increased progressively up to 10:1 at the lower parts of the pleura. Bilateral diffuse pleural thickening in at least two adjacent zones on each side was found in 652 (54%) of exposed and in only 86 (14%) of unexposed subjects. The difference was even more striking when comparing bilateral involvement of all three zones (28% and 3% respectively). Unilateral change was rare (4-8% and 7 8% respectively) and often due to causes other than exposure to asbestos. Pleural findings were the earliest radiographic features detectable associated with former exposure to asbestos. Bilateral diffuse thickening in at least two adjacent zones on each side seems to be a striking feature and an early indication of former occupational asbestos damage. Modifications of the International Labour Organisation 1980 classification are proposed.
Diffuse pleural thickening after exposure to asbestos has been well known to the pathologist for nearly 100 years. 1 2The clinical evaluation of this feature started much later, with the advance of radiology,3 but a broader knowledge of its frequency and significance did not come until the introduction of the high kilovolt technique for investigating the chest.' 8 Although international publications covering this topic have increased tremendously, many diagnosticians show little or only a superficial interest in this common feature of the objectively recordable sequelae of exposure to asbestos.9 -20 None the less, since 1968 the International Labour Organisation (ILO) in Geneva has developed a semiquantitative recording of pleural changes and added it to the International Classification of Pneumoconioses.122 This pleural part of the scheme provides recording facilities by special numbers and letters for diffuse pleural thickening for the side (R/L), the length (0, 1, 2, 3, Accepted 10 November 1986 measured in quarters of the chestwall), and the width (a, b, c, measured in millimeters) of the pleural shadows.
There is little information, however, on the validity of this recording system. In 1983 in a preliminary investigation we analysed whether these facilities were efficient enough to correlate-with some degree of reliability-pleural changes with asbestos and other fibre dust exposures. Evaluation of 1031 German workers exposed to asbestos indicated that nearly all hitherto existing codes of the formula "RLla" and many of "RL2a" were epidemiologically irrelevant. 23 The present study describes pleural changes in radiographs of 1204 individuals with an occupational exposure to asbestos from the medical surveillance in 1982 and compares them (retrospectively and in a non-blind manner) with films of 622 randomly selected controls with no known asbestos history. Several variables are included in the analysis. The purpose of this study was to identify distribution patterns of diffuse pleural thickening after exposure to asbestos and to give proposals for a revision of the pleural part of the ILO 1980 classification.22 673 Bohlig, Calavrezos 674 22 For the purpose of this study, diffuse pleural thickening has been defined as the measurable pleural companion shadows seen in profile along the bony chest wall on straight frontal projection (solely posteroanterior films). En face findings were not recorded, since they are easily misinterpreted. For the recording of diffuse pleural thickening, the ILO scheme and the modified German system were adapted to allow for additional information on extent (length), side, and localisation. Thus the six zone scheme, as already used for recording lung appearances, was used. The information about length is given automatically in terms of affected zones: upper, middle, and lower zones (UZ, MZ, LZ) and their combinations (fig 1) . Following the ILO instructions for discriminating the three lung zones of each side, the length of the bony chest wall of the lower zone is considerably greater than the length of the upper zone. As may be seen in fig 1, The extent and width of pleural thickening and most parameters of the ILO 1971 and 1980 classification were recorded. In addition, the variables overweight (exceeding 30% more than the Brocaindex), thoracic shape (barrel shaped, bell shaped, scoliosis), or thoracic deformities due to trauma or surgery, the time variables "period since first exposure" and "age at examination" were included in the analysis. Since it seemed possible that in the subgroup of Turkish workers some individuals might have been previously exposed to an endemic fibrous dust,26 27 they were investigated separately. Turkish individuals in both groups were younger than in the German subpopulation (only three older than 50). In the exposed Turkish workers the period since first exposure was correspondingly shorter. (table 1) . Therefore only the results of bilateral symmetrical involvement are reported. Table 2 also shows highly significant differences in typical asbestos sequelae such as plaques or pulmonary fibrosis (small opacities of a profusion of 1/0 or more), whereas obliteration of the costophrenic angle (cpa) as a possible indication for a so called asbestos pleuritis'7 is equally rare in both groups. (fig 3a) . One quarter of that group showed isolated bilateral upper zone involvement, and in another 14% it was combined with other zones. This represents a relation of ' 22) . In summary, this implies that the middle zones are the most important regions for the pleural sequelae of asbestos inhalation. Accordingly, the absence of bilateral pleural thickening in the middle zones with involvement of other zones instead was a rare feature in the exposed group and should therefore always suggest causes other than asbestos. This importance of middle zone involvement should be strongly considered in case the ILO "Recommendations for future research" for recording in quarters instead of sixths of the lungs should become accepted.
The high prevalence of pleural thickening of the upper parts of the pulmonary pleural layer in the exposed population is in striking opposition to the behaviour of asbestosis in the lung. Likewise, the rather lower and late involvement of the lower zones by contrast with the middle zones is equally surprising. An explanation of this different predilection for reactions of asbestos dust in the lung and the pleura is not apparent from this study. It is known that shorter fibres and more isometric dust particles gain the upper bronchi, whereas the longer fibres reach rather the lower parts of the lung, favouring asbestos changes in these locations. ' 8 35 36 Apparently, the short fibres are predominantly transported to the pleura through the lymph vessels. Thus the selection of the fibrous dust by the airstream may explain the described phenomena.
The differences in the reported prevalence of pleural thickening are highly influenced by national and international interobserver variation and the personal biases of the readers. Former On the other hand, there is no doubt that training and personal exchange of knowledge and experience among readers can decrease interobserver variation. In reading pleural findings the agreement (identical records) among the four A-Readers in the Federal Republic of Germany in 1978-9 was-owing to such exchange-high (87-90% of 14000 films.)24 Despite some other insufficiencies of this investigation (retrospective design, no blind reading, limited number of available controls, and only vague data on occupational conditions) the striking differences between groups A and B are conclusive.
With respect to the high proportion of Turkish workers within the working population of the Federal Republic of Germany, the knowledge about endemic pleural changes after exposure to fibre dust in Turkey26 27 made a separate analysis of individuals with Turkish ethnic origin necessary, since our files showed no exact data on the regions where they came from. The higher prevalence of diffuse pleural thickening within both Turkish subgroups A and B may be at least partially due to this precondition.
Conclusions
As figs [2] [3] [4] show, the development of diffuse pleural thickening is first obvious within the upper parts of the pleura and not in the lower zones (except after pleurisy); the speed of development is much slower in the unexposed group. This discriminates exposed and unexposed populations from a statistical point of view but not on an individual basis. The main feature of discrimination is the bilateral involvement of at least two adjacent zones; the "mandatory" involvement of the middle zones rarely occurs in nonexposed individuals.
This type of involvement requires recognition and inclusion in the pleural part of the ILO 1980 scheme in terms of pleurally affected lung zones, as already in use for recording lung appearances. The study presented shows that this method is useful and more convenient than the present recording system of extent of length and side, since it offers the hitherto lacking, but necessary, indication of localisation and therefore more reliable information. This seems particularly important since, as was shown under low level dust exposure, diffuse pleural thickening is the earliest and thus a sensitive radiological sign of the biological action of asbestos.
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